Intr oduction
Organic light-emitting diodes (OLEDs) have been widely recognized as a technology for flat panel display (FPD) products today and for potential future use in the lighting industry [1] [2] . Methods to generate white light from OLEDs can be broadly classified into three approaches [3] . The first is to use different colorful of emissive materials doping in a single emissive layer structure [4] . The second method comprises two or more complete stacked layer on top of each other with charge generation layers (CGLs) between them [5] . The last approach is to use a single blue OLED in combination with a color down-conversion layer. The non-absorbed fraction of the photons emitted by the light source and the photons emitted by the phosphor constitute the output spectrum of the coated device [6] .
This study approaches to achieve white emission using the combination of organic material and inorganic phosphor. We fabricate a WOLED device combining a blue electrophosphorescent OLED device with a red color conversion layer (CCL). Electroluminescence (EL) measurements on the hybrid organic/inorganic OLEDs with a phosphor CCL were performed to clarify their color-conversion efficiency and Commission Internationale de l'Eclairage (CIE) coordinates. were spin-coated on the back side of the glass substrate by using a binder ITK-5517 and heated at 150℃ to act as a CCL. After CCL was carried out, the substrate was loaded into an evaporation system. Organic layers were sequentially evaporated at a rate of 1 ~ 2 Å/s onto substrates by thermal evaporation from resistively heated tantalum boats. The evaporation rate and thickness of the film was determined using an oscillating quartz thickness monitor (Sycon STM-100). The active area of the devices, defined by the overlap of the ITO and the Al electrodes, was 0.4×0.6 cm 2 . To optimize the device spectra, we controlled the thickness of the CCL by varying the first and second spin rate from 1000 to 2500rpm for 20 seconds. The electroluminescent (EL) spectra characteristics were measured using a Topcon PR-650 luminance meter at room temperature and a Keithley 2400 precision semiconductor parameter analyzer. Photoluminescence (PL) and absorption spectra of the organic materials are measured with HITACHI-F4500 and HITACHI-U3300 spectrometer.
Experiment

Results and discussion
Fig Fig. 4 shows the normalized EL spectra for the WOLEDs containing phosphor CCLs at various speed of spin-coating. The peak intensity of the red emission corresponding to Sr 2 SiO 4 :Eu 3+ increases with increasing speed of the CCL because the quantity of the converted red light in the Sr 2 SiO 4 :Eu 3+ CCL increases. For the 1000rpm device, the red intensity is the highest than the other devices. The combination of CCL indeed results in an enhanced red emission and a shift of CIE coordinates. When speed rate is 1500rpm, a white light emission can be tuned by combining a blue OLED with a red emitting phosphor. Some parts of the blue lights were converted into red light, and other parts of the blue lights were transmitted, resulting in the generation of white lights due to the mixture of the lights.
Accordingly, a linear shift of the CIE coordinates for the OLED is observed with increased speed rate, as shown in Fig. 5 . The speed rate 1000rpm is too slow to get thin phosphor layer, so it perhaps completely absorbed blue light from OLED. When speed rate were increased, CIE coordinates were shifted from Sr 2 SiO 4 :Eu 3+ to FIrpic. The speed rate 1500rpm yields a white emission with CIE coordinates of (0.32, 0.40).
The device luminous efficiency as a function of current densities is also determined. The blue OLED devices show a peak luminous efficiency of 20 cd/A. The WOLEDs, with CCLs coated at 1000rpm, 1500rpm, 2000rpm, 2500rpm, show peak luminous efficiency of 15.5 cd/A, 18.7 cd/A, 19.5 cd/A, 22.1 cd/A, respectively.
Conclusions
We demonstrated easy fabricated WOLEDs with improved color stability by combining vacuum deposited blue OLED with a red CCL. The WOLEDs with an appropriated CCL exhibit a peak luminous efficiency of 18.7 cd/A and white light emission with CIE coordinates of (0.32, 0.40). The shift of EL color coordinates for OLEDs due to CCL combination demonstrate that the generated blue light from the blue OLEDs effectively combined with the red light converted by the Sr 2 SiO 4 :Eu 3+ phosphor. Fig. 1 . Structure of the WOLED studied in this work. 
